Abstract: Risk Factors for Heatstroke among Japanese Forestry Workers: Takafumi MAEDA, et al. Department of Hygiene and Preventive Medicine, Fukushima Medical University School of Medicine-We examined the risk factors for heatstroke among forestry workers in Japan during the summer. We distributed a questionnaire to 124 forestry workers to determine heatstroke symptoms, degree of sweating and hydration, as well as perceived hotness and amount of sunlight at work sites. Forty of the workers (32.3%) reported experiencing heatstroke symptoms. Thirteen and 21 of them reported such symptoms during July and August, respectively. Eleven workers experienced heatstroke at around 14:00; 5 and 4 developed symptoms at around 11:00 and 10:00, respectively. Groups with and without heatstroke symptoms significantly differed in terms of perceived hotness (p<0.05), sunlight (p<0.05), degree of sweating (p<0.01) and frequency of hydration (p<0.05) while working. Heatstroke symptoms developed in 60.6% of workers aged up to 50 yr, but in only 22.0% of those over the age of 51 (p<0.01). Multiple regression analysis selected the following key variables associated with the development of heatstroke symptoms (R 2 =0.236 and p=0.006): frequency of urination, hotness, BMI and years of forestry work (standard coefficients: +0.229, +0.194, +0.280 and -0.162, respectively). The results of the present study showed that one third of forestry workers developed some symptoms of early heatstroke during summer forestry work. Furthermore, the results indicate that a short duration of forestry service was one of the risk factors contributing to the onset of heatstroke, in addition to heat stress, loss of body water and electrolytes, and obesity. (J Occup Health 2006; 48: 223-229) 
The incidence of heatstroke is higher during the summer because heat stress increases as a result of higher ambient temperatures and increased solar radiation. Thus, more water and electrolytes are excreted from the body through sweating and urination. Many studies have examined the relationship between air temperature and heat-related mortality as well as the frequency of heatstroke [1] [2] [3] [4] [5] [6] [7] . Moreover, muscle activity generates heat during labor and physical exercise in a hot environment and this can induce exertional heatstroke, which is distinct from classic heatstroke [8] [9] [10] . Studies on exertional heatstroke have mainly focused upon physical exercise, sport competitions and/or games 11) and military training 12) , and various preventive measures have been proposed and implemented for various sports. Japan has thermal guidelines to prevent heatstroke during sports activity 13) and the Japan Society for Occupational Health has published Occupational Exposure Limits for Heat Stress 14) . Moreover, a prediction model of heat disorders using Wet-Bulb Globe Temperature (WBGT) has been developed in Japan 15) . Forestry work such as felling, thinning, carrying, planting, artificial pruning, mowing, as well as the operation of heavy equipment such as timber carts, are performed in unstable positions, often while using heavy oscillating implements such as chainsaws and grass mowers. Therefore, forestry work involves a large physical burden. During the summer, the frequency of mowing bottom grass under direct sunlight increases. Furthermore, workers wear long-sleeved shirts and long trousers, helmets, safety boots and gloves, etc. to protect against physical, animal and insect hazards, and the thermal insulation properties of such clothing is very high. Thus, the thermal load is very large, and might contribute to the high frequency of exertional heatstroke that develops among forestry workers.
Because many people are employed in the service industry and the influx of new forestry workers is low in Japan, the average age of forestry workers is increasing. Studies of the relationship between heatstroke and aging have indicated that the higher frequency of heatstroke among the elderly is associated with a decline in thermoregulation capabilities [16] [17] [18] [19] [20] [21] [22] . Heatstroke at work that was formerly associated with foundry workers and miners has recently been observed among construction workers. Although forestry work is associated with a considerable risk of heatstroke due to a high physical workload, high heat stress, and an aging workforce, heatstroke in forestry workers has not been studied in detail. Heatstroke symptoms have historically been included in statistical databases only when they were sufficiently serious to require hospitalization or cause death. They have never been considered when symptoms were relatively mild, because strategies such as resting in a cool place, hydration, and cooling at the workplace alleviate the symptoms. Accordingly, many more people have probably experienced early symptoms of heatstroke than has been reported. Furthermore, forests are often far from hospitals, which might lead to the death of forestry workers who develop critical symptoms. Thus, early detection and treatment of heatstroke among forestry workers is required, and the risk factors that induce early symptoms must be defined so that heatstroke can be prevented.
We therefore conducted surveys on heatstroke among Japanese forestry workers to identify risk factors from the relationship between heatstroke symptoms and thermal factors, hydration behavior, age, years of forestry service and individual physical features.
Methods
One hundred and twenty-five forestry workers (118 males, mean age ± SD 55.8 ± 13.6 yr; 7 females, 54.1 ± 4.8 yr) who were working in Fukushima prefecture, Japan, provided their written informed consent for participation in the study, which was approved by the Ethics Committee Table 1 shows the questionnaire that was completed by the workers. The working situation was examined through responses to 8 questions that addressed clothing, subjective hotness, presence of sunlight, degree and response to sweating, main location of mountain work site and frequency of urination. Seven questions addressed hydration with respect to frequency, timing, volume and types of beverages consumed during work, freely consumption, and consumption during lunch time and breaks. Heatstroke symptoms were defined as feeling bad, headache, qualm, nausea, sluggishness, lassitude, muscle ache, muscle spasm, feeling disoriented, unusually high body temperature, fainting, palpitation, rapid breathing and blackout (anemia). Other information Black and white bars indicate heatstroke and asymptomatic groups, respectively. Significant differences between both groups were analyzed by chisquare test.
requested included age, gender, years of forestry service and anthropometric values such as height, weight, body fat ratio and BMI as well as month and hour at which the symptoms were felt. The chi-square test comparatively analyzed heatstroke occurrence with respect to subjective hotness, direct sunlight at work, sweating status and type of consumed beverage. A t-test comparative analysis of heatstroke occurrence with respect to frequency and volume of hydration, age, years of forestry service and physical features was performed. The chi-square test was used to compare the rates of heatstroke categorized by age and years of forestry service. Multiple linear regression analysis assessed the independent contributions of age, years of forestry service, other questionnaire items and physical features to the development and number of heatstroke symptoms. Age and years of forestry service were fixed as independent variables and the questionnaire items and physical characteristics were selected as independent variables by a stepwise procedure. P values below 0.05 were regarded as statistically significant.
Results
Forty of the 124 (32.3%) forestry workers reported experiencing heatstroke symptoms during the summer. Table 2 shows the respective numbers of workers who indicated experiencing each symptom of heatstroke while working in the summer. "Feeling bad" was experienced by 15 workers, "muscle ache" by 12, "palpitation" by 10, "qualm" by 9, "sluggishness" by 8, "lassitude" and "feeling disoriented" by 7, "nausea" and "unusually high body temperature" by 6, "headache" and "muscle spasm" by 5, "blackout (anemia)" by 4, and "rapid breathing" by 3 persons. Table 3 shows the number of workers who reported heatstroke symptoms per month and the hour at which they occurred. One developed heatstroke symptoms in May, 1 in June, 13 in July, 21 in August, and 4 in September. Eleven workers reported heatstroke symptoms at 14:00, 5 at 11:00, and 4 at 10:00. Symptoms also developed during the morning. Figure 1 compares the rates relative to subjective hotness (Fig. 1a) and sunlight (Fig. 1b) at the work site, and degree of sweating (Fig. 1c) in the symptomatic and asymptomatic groups. Figure 1 shows that the two groups significantly differed in terms of subjective hotness (very hot: heatstroke, n=26 (65.0%); asymptomatic, n=30 (40.5%); p<0.05), presence of sunlight (direct with no shade: heatstroke, n=9 (23.1%); asymptomatic, n=6 (8.7%); p<0.05) and degree of sweating (much sweating: heatstroke, n=31 (79.5%); asymptomatic, n=40 (53.3%); p<0.01). Table 4 shows age, years of forestry service, physical characteristics, and hydration behavior while working in the heatstroke and asymptomatic groups. The two groups significantly differed in terms of hydration frequency (means ± SD; 5.61 ± 3.36 vs. 4.35 ± 1.98 times, respectively; p<0.05). However, beverage volume consumed per time and daily total volume did not significantly differ between the groups.
Neither group significantly differed in terms of whether they consumed water, cold tea, hot tea or carbonated drinks. However the consumption of isotonic beverages significantly differed between the two groups (heatstroke, n=17 (42.5%) vs. asymptomatic, n=18 (21.4%); p<0.05). Furthermore, 10 (33.3%) respondents of the group that reported one or two symptoms of heatstroke and 7 (63.6%) of the group that reported three or more symptoms consumed isotonic beverages, compared with 18 (21.4%) of the asymptomatic group (p<0.05).
Age differed significantly between groups (means ± SD, heatstroke vs. asymptomatic, 50.58 ± 14.21 vs. 58.20 ± 12.08 years; p<0.01). Figure 2 shows the rates of heatstroke and absence of symptoms categorized by age (Fig. 2a) and years of service (Fig. 2b) . Heatstroke symptoms developed in 60.6% of respondents aged 50 years or less, in 23.1% of those aged 51-60, 21.6% of those aged 61-70 and in 21.4% of those aged 71 years and above (Fig. 2a) . Thus, younger respondents tended to develop heatstroke symptoms (p<0.01). Although the relationship between years of forestry service and heatstroke symptoms was not statistically significant, more workers with fewer years of service reported heatstroke symptoms.
The stepwise multiple regression analysis used heatstroke symptoms as a dependent variable, and the independent variables were age, years of forestry service, subjective feeling of hotness, presence of sunlight, degree of sweating, frequency of urination, frequency of hydration, volume of hydration (ml/time and l/day), freely consumption, height, weight, BMI, and %Fat. Four variables associated with heatstroke symptoms were selected in the model with R 2 =0.162 and p=0.052: frequency of urination, subjective hotness, years of forestry service, and age (standard coefficients: +0.315, +0.190, +0.021 and -0.181, respectively). A similar regression analysis using the number of heatstroke symptoms as a dependent variable selected five variables with R 2 =0.378 and p=0.006: frequency of urination, hydration volume (l/day), %Fat, years of forestry service and age (standard coefficients: +0.436, +0.174, +0.208, -0.078 and -0.194, respectively).
Discussion
This study showed that one third of the workers experienced symptoms of heatstroke during summer forestry work, and that heatstroke tended to occur in those aged 50 and below. To clarify factors contributing to heatstroke under these conditions, we investigated thermal factors, balance between hydration and sweating, types of consumed beverages, age, years of forestry service and physical features.
Workers in the heatstroke group felt hotter and tended to work more frequently in direct sunlight compared with asymptomatic colleagues. Thus, thermal factors such as high ambient temperature and radiation from direct sunlight induce heatstroke symptoms. The main function of workers in the forestry industry during summer is mowing grass under trees. Since bottom grass grows especially in sunny places, sunlight is usually direct at mowing sites. The results of our questionnaire indicated that many reported heatstroke events were caused by the physical load of mowing grass under direct sunlight.
Secondly, although the heatstroke group consumed beverages more frequently than the asymptomatic group, the volume per time and the total volume of beverages consumed during work did not significantly differ between groups.
The heatstroke group reported much sweating, suggesting that water and electrolyte loss through this process is involved in the onset of heatstroke symptoms during forestry work. Generally, considerable sweating was induced by the high temperature and/or high workload associated with the job. Workers in the heatstroke group who reported much sweating might have Fig. 2 . Rates of reporting heatstroke symptoms for each age group (a) and after various years of forestry service (b). Black and white circles indicate heatstroke and asymptomatic groups, respectively. Significant differences in distribution of data between both groups were determined by the chi-square test. **, p<0.01; *, p<0.05 vs. workers aged 50 yr and below.
a higher workload in a hotter environment than those in the asymptomatic group. Furthermore the balance between hydration and sweating suggested that heatstroke during forestry work might be prevented by consuming an optimal volume of water and electrolytes from appropriate beverages. Isotonic drinks are recommended as an efficient source of water and electrolytes during physical exercise. However, the present study found that 17 of 35 workers who consumed isotonic drinks during work developed heatstroke. Furthermore, the ingestion rate of isotonic drinks was higher among workers who developed more symptoms. These findings indicate that water and electrolyte intake cannot prevent heatstroke but are associated with occurrence of heatstroke symptoms. However, metabolic acidosis occurs during heatstroke 21, 23) , indicating that a source of electrolytes should be supplied before and/or during work 9, 24) , and that hydration status such as timing, volume and type of beverage should be investigated in detail and optimized.
The thermoregulatory function in humans is influenced by various factors 25) , especially age and physical fitness. Thermoregulation declines with age [16] [17] [18] [19] [20] , improves with physical training 26, 27) and is influenced by lifestyle 28) . In addition, obesity, medication and an anamnesis of heatstroke are known risk factors for heatstroke 29) . Generally, elderly people with an age-related decreased ability to thermoregulate [16] [17] [18] [19] [20] are greatly influenced by environmental temperature and easily develop heatstroke symptoms 21, 22) . However, we found here that heatstroke predominantly developed in workers aged 50 yr and below, which contradicts previous findings. Although the difference in the rate of heatstroke among groups with various years of service was not statistically significant, the results of multiple regression analysis showed that this parameter negatively correlated with the occurrence and number of heatstroke symptoms. These results indicate that heatstroke developed most frequently in workers with a relatively short duration of forestry service. On the other hand, multiple regression analysis also showed that age contributed more to the number of heatstroke symptoms than years of service. The reasons might be because younger persons have not yet adapted to forestry work and its environment and that the physical fitness levels of workers who had worked for a relatively long time in the forestry industry were relatively higher due to prolonged exposure to the associated physical workload. Moreover, work intensity might be lower in elderly workers, which might explain why the rate of heatstroke was lower in this age group. However, further study is required to clarify this notion. Nonetheless, many early symptoms of heatstroke developed in relatively younger workers, indicating that preventative measures are required at all ages.
Other investigators have reported that lifestyle affects thermoregulation ability 28) and the onset of heatstroke 29) . The present study found that the lifestyle of younger workers, including short sleep duration, as well as suboptimal dietary and exercise habits, might be associated with the development of heatstroke. The results of multiple regression analysis revealed significantly positive correlations between the number of heatstroke symptoms and degree of obesity, represented as %Fat. That is, individuals with stored body fat due to bad eating habits and/or inadequate exercise, have a higher risk of developing heatstroke during summer work.
Identification and treatment at the early stages of heatstroke are important 9, 30) , as is the prevention of heatstroke. To avoid heatstroke in younger forestry workers or those with a short service duration, appropriate hydration before and during work, rest in the shade, sufficient sleep, appropriate nutrition, physical fitness, as well as temperance in smoking and alcohol consumption, will all help to improve heat tolerance 11, 29) .
In conclusion, the present study clarified that one third of forestry workers develop some early symptoms of heatstroke during the summer. Contributing factors appear to be short service duration in the forestry industry, heat stress induced by a high environmental temperature and solar radiation, loss of body water and electrolytes through sweating and urination, and obesity.
